before, for instance using sensory evaluation. In flavor analysis, gas chromatography-olfactometry GC-O is the most common method used for evaluation of odorants; in particular, GC-O combined with aroma extract dilution analysis AEDA has emerged as the most useful method for estimating the contribution of most aroma-active compounds 20 . The odor potency is expressed as the flavor dilution FD factor, is the ratio of the concentration of a compound in the initial concentration to the most diluted concentration in which the odor could be detected by GC-O 21 . The significant contribution of each odorant to the characteristic flavor of a sample can be determined by the corresponding odor activity value OAV , which is the ratio between the concentration of the compound and its odor threshold: it is well accepted that compounds with high OAV give a greater contribution to the sample aroma 22 .
Based on the above, the chemical composition of essential oil from Uncaria Hook was investigated by the gas chromatography GC and GC-mass spectrometry GC-MS , with main aims to evaluate the key aroma-active compounds in the oil by GC-O and AEDA methods.
EXPERIMENTAL

Plant material
Uncaria Hook air-dried branch with curved-hook of U. rhynchophylla was purchased from Ohsugi Pharmaceutical Co., Ltd. Osaka, Japan and used for extracting essential oil.
Isolation of essential oil
Uncaria Hook 100 g was subjected to hydrodistillation for 3 h with a Likens-Nickerson-type apparatus, using diethyl ether to yield 0.03 of the yellowish oil, which was dried over anhydrous sodium sulfate prior. The oil was kept in a sealed tube and stored at 4 in a freezer prior to the GC and GC-MS analyses.
Gas chromatography
The GC analysis was performed using an Agilent Technologies 6890 gas chromatograph equipped with a flame ionization detector FID . The oil was analyzed on a HP-5MS Agilent Technologies, USA fused silica capillary column 5 phenylmethylpolysiloxane, 30 m length 0.25 mm internal diameter, 0.25 μm film thickness and a DB-WAX Agilent Technologies fused silica capillary column 15 m ength 0.25 mm internal diameter, 0.25 μm film thickness . The temperature was programmed to increase from 40 to 260 at a rate of 4 /min and then held at 260 for 5 min HP-5MS column , or to increase from 40 to 240 at 4 /min and then held at 240 for 10 min DB-WAX column . Helium was used as the carrier gas at a flow rate of 1.5 mL/min; the injector port and detector temperatures were 270 and 280 , respectively.
Gas chromatography-mass spectrometry
The GC-MS analysis was performed using an Agilent Technologies-5973-MSD apparatus equipped with a HP-5MS Agilent Technologies fused silica capillary column phenylmethylpolysiloxane, 30 m length 0.25 mm internal diameter, 0.25 μm film thickness and a DB-WAX Agilent Technologies fused silica capillary column 15 m ength 0.25 mm internal diameter, 0.25 μm film thickness . The temperature gradient was programmed as above. For the HP-5MS column, the column temperature was programmed to increase from 40 to 260 at a rate of 4 /min and held at 260 for 5 min. For the DB-WAX column, the column temperature was increased from 40 to 240 at 4 /min and held at 240 for 10 min. The flow rate of the carrier gas He was 1.5 mL/min for both columns. The injector and detector temperatures were 270 and 280 , respectively; the actual temperature in the MS source reached up to approximately 230 , and the ionization energy was 70 eV. The mass scan range was 40-450 m/z at a sampling rate of 2.4 scan/s. After diluting 10 mg of the sample oil with 500 μL of diethyl ether, 1 μL of the diluted sample was injected into the instrument, with a split ratio 1:40.
Gas chromatography-olfactometry
The GC-O analysis was performed on a Hewlett-Packard 6890/Hewlett-Packard 5973A-Olfactory Detection port 2. The GC condition was equipped on capillary columns HP-5MS, 30 m length 0.25 mm internal diameter . The oven temperature was programmed to increase 40 to 260 at a rate of 4 /min and then held at 260 for 5 min. The flow rate of the He was 1.5 mL/min. The injector energy was 70 eV, and 1 μL of the oil was injected. At the exit of the capillary column, the effluent was split into the channels to the mass detector and the sniffing port., with a 1:1 v/v split ration. The Chemistation software was connected to two channels from the olfactometer signal board.
Aroma extract dilution analysis
The highest sample concentration 10 mg/mL was assigned a Flavor Dilution FD factor of 1. The essential oil was diluted stepwise with diethylether 1:1, v/v , and aliquots were then analyzed by GC-O on the HP-5MS capillary column. The process stopped when aromas could no longer be detected by a group of assessors. The results were expressed through the FD-factor, which is the ratio of the concentration of the odorant in the initial essential oil to its concentration in the most diluted essential oil in which the odor is still detectable by GC-O 20 . An odorant with high FD-factor can be considered as an important contributor to the characteristic flavor. On the basis of the AEDA results, the odor activity value OAV was calculated using the equation reported by Guth and Grosch 22 .
Identi cation and quanti cation of compounds
The compounds present in the oil were confirmed by comparing with the present data to published mass spectral data 23 , to our previous studies 13, 21, 24 36 , to Kovats retention indices RI , and to digital libraries Wiley, Mass Finder 4, NIST02, and Aroma Office version 3.0, Nishikawa-Keisoku Co. Ltd., which includes 72,120 entries of RI of aroma compounds and their literature sources. with those of the standards or RI reported in the literature. The RI for the present samples were calculated using a series of n-alkanes C 5 -C 29 on two columns of different polarities. The quantitative composition of the oil was determined by GC FID by assuming the total of the oil to be 100 . The quantitative analysis of aroma-active compounds FD ≥ 8 in the oil was performed on the basis of calibration curves for furfural 1 , hexanoic acid 5 , E -linalool oxide 12 , linalool 14 , menthone 18 , α-terpineol 24 , estragol 26 , methyl eugenol 45 , and paeonol 50 within a concentration range of 0.5-1000 μg/mL. When the specific standard was not available, a the corresponding data for the available compound with the closet physical chemical properties were used; α-copaene for γ-muurolene 54 , and d-cadinene 62 , myristicin for asaricin 59 , nerolidol for β-eudesmol 71 , and ligustilide for Z -ligustilide 74 .
RESULTS AND DISCUSSION
The essential oil obtained by hydrodistillation from Uncaria Hook had a yellowish color and a woody, spicy, and sweet odor. The yield of the oil was 0.03 w/w . The oil was analyzed using GC and GC-MS, whose total ion chromatograms TIC are shown in Fig. 1 .
Eighty-four compounds, representing 90.8 of the total fraction, were detected in the oil, and their percent fractions are listed in . The characteristic components detected in essential oil from Uncaria Hook were phenylpropanoids, such as estragol 26 , E -anethol 33 , safrole 34 , eugenol 38 , methyl eugenol 45 , croweacin 53 , asaricin 59 , and elemicin 65 Fig. 2 . The total phenylpropanoids content 31.8 . The classification of essential oil by the functional groups is summarized in Table 2 . The oil was mainly consisted of aromatic hydrocarbons 30.2 , and also contained significant amounts of oxygenated compounds, such as ethers 18.8 , alcohols 11.5 , ketones 5.6 , and esters 4.7 . In particular, the oil was rich in sesquiterpenes, with 24 sesquiterpenes present, accounting for 29.0 of the oil.
The AEDA and GC-O analysis were employed to identify the most potent odorants contributing to the characteristic woody, spicy, and sweet odor of Uncaria Hook oil. The key aroma-active compounds and their odor properties are listed in Table 3 . As a result, 19 aroma-active compounds were detected in the oil. A comparison of the oil composition obtained by GC and the corresponding FD chromatogram of the odor-contributing compounds is shown in Fig.   3 . On the basis of the FD-factors E -linalool oxide FD 64; woody , methyl eugenol FD 64; spicy , linalool FD 32; woody , estragol FD 32; sweet , asaricin FD 32; spicy , β-eudesmol FD 32; woody , and Z -ligustilide FD 32; woody were intense compounds among the 19 aroma-active compounds detected by AEDA. The highest FD factor was attributed to E -linalool oxide and methyl eugenol whose odor was descriced as woody and spicy, respectively, by sniffinf test. Thus, these compounds were detected in essential oil from Uncaria Hook as the key aroma-active compounds. Several compounds with a high FDfactor FD 64 or FD 32 emitted a woody or spicy odor. Moreover, most of the 19 aroma-active components were oxygenated compounds and mainly contained C 10 compounds. These compounds produced the woody, spicy, and sweet odor of Uncaria Hook oil, except p-menthone FD 16; mint , α-terpineol FD 16; floral , and piperitone FD 4; fresh . These results indicated that low FD-factor compounds seem to contribute less to the characteristic odor of Uncaria Hook oil, although they still give a small contribution.
Although the content of copaene 41 was significant 8.0 , its FD factor was low, as show in Fig. 3 . This compound was less importance as the aroma-active compounds of Uncaria Hook oil. In fact, even though a higher FD-factor was often related to the aroma-active compounds, a high FD-factormay may also be caused by the high content in oil. Therefore, in order to clarify this issue, the odor activity value OAV was calculated. The OAV of the key aroma-active compounds of Uncaria Hook oil is shown in Table 3 . In Table 2 Classification of the compounds of essential oil from Uncaria Hook. spite of a high FD-factor of methyl eugenol FD 64, spicy , OAV was low at 29. It could thus be inferred that the high FD-factor of methyl eugenol might be due to its high concentration in the sample. With regard to the OAV values, furfural OAV; 4808, sweet , α-copaene OAV; 4376, woody, spicy , and linalool OAV; 1056, woody were the key aroma-active compounds of essential oil from Uncaria Hook.
In conclusion, we have investigated the key aroma-active compounds of Uncaria Hook by sensory evaluation and using the concept of OAV. The data obtained here indicate that E -linalool oxide FD 64; woody and methyl eugenol FD 64; spicy are the main contributors to the woody and spicy odor of the oil based on the sniffing test. Furthermore, the OAV analysis showed that furfural, α-copaene, and linalool contributed to the sweet, woody, and spicy odor. On the basis of AEDA, OAV, and sensory evaluations, we thus identified these compounds as the key aroma-active compounds of essential oil from Uncaria Hook. Following these the present results, further investigations would be need to explore the phytochemical and medicinal applications of the essential oil from Uncaria Hook.
